
z 
c 

I 

t 
I 

4 

GPO PRICE $ 

OTS PRICE(S) $ 

Microfiche (MF) fl 



,I 

'I 
I 
'I 

I 
I 
'I 
'I 
I 

I 
1 
I 
1 
I 

RESEARCH ON L W  DENSITY 
THERMAL INSULATION MATERIALS 

FOR USE ABOVE 30000F 
Third Quarterly Status R e p o r t  

Contract NASw- 884 
National B e r y l l i a  Corporation 

Haskell, New Jersey 



I' 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

RESEARCH ON LW DENSITY 
THERMAL INSULATION MATERIALS 

FOR USE ABOVE 3000%' 

Contract NASw-884 
N a t i o n a l  Aeronautics and Space Administration 

Third Quarterly Status Report 
for the P e r i o d  July 1 through September 30, 1964 

National Beryllia Corporation 
Haskell, New Jersey 

I .  



ABSTRACT 

\ W 5 8  

I 
I 

Research on heat- t ransfer  phenomena i n  low-density ceramic 

foam i n s u l a t i o n  is  described, with emphasis on t h e  p rope r t i e s  

of composite foams containing dispersed metallic add i t ives  , 

Phys ica l  properties of high-purity z i r con ia  r a w  materials are 

discussed as they affect foam p rope r t i e s .  Problems r e l a t e d  

t o  thermal stress effects i n  ceramic foams are described along 

wi th  equipment c a l i b r a t i o n  using ASTM standard specimens , 

Measured thermal conduct ivi ty  data f o r  tungsten-modified z i r con ia  

foams is presented i n  comparison with unloaded foam, 
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INTRODUCTION 

This i s  the  t h i r d  qua r t e r ly  report of Contract NASw-884 

on t h e  subject, "Research on Low Density Thermal Insu la t ion  

Materials for U s e  above 3000°F". 

t i o n  of w o r k  performed on Contract NASr-99 which w a s  conducted 

f o r  seven q u a r t e r s  from Apri l ,  1962, through Deceniber, 1963. 

1.1 Purpose of t h e  Prosram 

This program is  a continua- 

Low-density foamed ceramic thermal i n s u l a t i o n  r ap id ly  loses 

e f f i c i e n c y  above 2400% due 

pores by thermal radiat ion.  

s tudy t h e  Feduct ion  of t h i s  

t h e  thermal conduct ivi ty  by 
- 

t o  t h e  t r a n s f e r  of hea t  through the  

The purpose of t h i s  program is  t o  

r a d i a t i o n  or photon cont r ibu t ion  / to  
/-- -- 

t h e  incorporat ion of a thermal radia-  

t i o n  b a r r i e r  phase i n t o  a low-density r e f r a c t o r y  s t r u c t u r e .  

Mechanisms such as absorption and re - rad ia t ion  by embedded 

p a r t i c l e s ,  s c a t t e r i n g  by incorporated phases and r e f l e c t i o n  by 

metall ic f o i l  radiation b a r r i e r s  are being inves t iga ted  and 

evaluated. 

1 .2  Phases of t he  Proqram 

The goals  of t h i s  program are being achieved through t h e  

p u r s u i t  of t h e  t h r e e  phases described b r i e f l y  below wi th  detai ls  

of t h e  progress  made during t h i s  q u a r t e r  discussed i n  Sec t ion  I1 
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Phase 1 - T e c h n i c a l  Review 

Review of p r e v i o u s  high t e m p e r a t u r e  h e a t  t r a n s f e r  work, 

e s s e n t i a l l y  completed du r ing  t h e  f i r s t  q u a r t e r ,  has  been 

c o n t i n u e d  a t  a s u f f i c i e n t  l e v e l  of e f f o r t  t o  keep a b r e a s t  of 

t h e  r a p i d l y  changing  technology.  

Phase II - M a t e r i a l s  Formula t ion  

The major e f f o r t  of t h e  program is  concerned  w i t h  t h e  -7- 

I - 
f a b r i c a t i o n  of low-densi ty ,  low t h e r m a l  c o n d u c t i v i t y  m a t e r i a l s  ./ 
L i g h t  w e i g h t  p u r e  ox ide  ceramic matrices have been developed and 

impregnated w i t h  v a r i o u s  volume p e r c e n t a g e s  of p o t e n t i a l  r a d i a -  

t i o n  s h i e l d i n g  phases  in t roduced  b y  a v a r i e t y  of t e c h n i q u e s .  

Specimens of ce ramic  oxides whose t h e r m a l  c o n d u c t i v i t y  have 

b e e n  p r e v i o u s l y  r e p o r t e d  have a l s o  been  p r e p a r e d  f o r  c a l i b r a t i o n  

and equipment  checkout  purposes .  

Phase I11 - Exper imenta l  Measurements 

E v a l u a t i o n  of t h e  the rma l  r a d i a t i o n  b a r r i e r  concep t  i s  b e i n g  

- 

conducted  i n  t h i s  phase  o f  t h e  program. 

c o n d u c t i v i t y  t e s t  ce l l ,  capab le  of m a i n t a i n i n g  under  s t e a d y  con- 

d i t i o n s ,  specimen h o t  f a c e  t e m p e r a t u r e s  of 4500°F and above has  been  

f a b r i c a t e d  and c a l i b r a t e d .  Measurement of t h e  a p p a r e n t  t o t a l  

c o n d u c t i v i t y  of t h e  ce ramic  foam composite t e s t  samples  i s  i n  

progress. 

A h i g h  t empera tu re  the rma l  
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(2) DISCUSSION 

2.1 Technical Review 

A report e n t i t l e d ,  "A Radial H e a t  Flaw Apparatus for High 

Temperature Thermal Conductivity Measurements", by A . D. Fe i th ,  (1) 

of t h e  General Electric Company, dated August 31, 1964, was 

reviewed and found t o  support t he  data obtained on t h e  NASA- 

National B e r y l l i a  Corporation equipment developed under t h e  

p re sen t  programs. Comparative measurements of thermal con- 

d u c t i v i t y  of dense specimens of beryl l ium oxide and zirconium 

oxide w e r e  i n  c l o s e  agreement with those obtained on s i m i l a r  

specimens i n  t h e  NASA-NBC apparatus. 

concludes, "The major components of t h i s  e f f e c t i v e  or t o t a l  

thermal conduct ivi ty  are t h e  lat t ice (phonon) o r  t r u e  conduc- 

t i v i t y ,  e l e c t r o n i c  conductivity,  r a d i a t i v e  hea t  t r a n s f e r  and 

ambipolar d i f fus ion .  

data f r o m  t h e  thermal conduct ivi ty  test, t h e  e f f e c t  of tempera- 

t u r e  on each of these  major components must be known. Hawever, 

s o m e  of t h i s  v i t a l  information, (i.e. high temperature optical 

t r a n s p o r t  properties f o r  r ad ia t ive  t r a n s f e r  determinat ions) ,  

is lacking and t h e  f ina l  ana lys i s  of t h e  behavior of t h e  e f f e c t i v e  

conduct iv i ty  as a func t ion  of temperature f 0 r . a  given material 

is based on specula t ion  and t h e  p robab i l i t y  t h a t  t hese  o the r  

I n  h i s  summary M r .  Fe i th  

To make a comprehensive ana lys i s  of t h e  
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modes exis t ,  Therefore, special s t u d i e s  should be made on 

each material of i n t e r e s t  t o  determine t h e s e  necessary proper- 

t ies,  i f  a thorough q u a n t i t a t i v e  a n a l y s i s  is  desired." 

M r  , F e i t h  reports measurements of calcia s t a b i l i z e d  z i r -  

conia  specimens and similar specimens containing,  hawever, 8 

percent  zirconium m e t a l ,  H i s  d a t e  i nd ica t e s  an a t t enua t ion  

of t h e  r a d i a t i v e  component of thermal conduct iv i ty  i n  the 

z i r con ia  specimen containing t h e  metal l ic  phase a t  temperatures 

up t o  20OO0C (3633%). Subsequent communication w i t h  M r ,  Fe i th  

has a l s o  shown c l o s e  agreement on z i r con ia  foam specimens be- 

tween measurements on t h e  G, E ,  thermal conduct iv i ty  apparatus 

of s i m i l a r  r a d i a l  hea t  f l a w  concept b u t  v a s t l y  d i f f e r i n g  ex- 

perimental  complexity and the MISA-NBC equipment. 

The t e c h n i c a l  paper, "A Mult iple  Gauge Sec t ion  Technique 

for t h e  Measurement of Thermal Conductivity of C e r a m i c  Foam 

Composites t o  5000°F" w a s  presented J u l y  16, 1964, a t  t h e  

I n  t e r n a t  i ona 1 Thermal Conductivity Conference , Tedd ing ton, England 

Resul t ing t echn ica l  discussions resolved s e v e r a l  ques t ions  con- 

cerning t h e  source of scatter i n  t h e  measurements and t h e  most 

s a t i s f a c t o r y  averaging techniques from which reasonably smooth 

curves may be produced, 

2.2.1 Matrix Formulations 

A comparison of two l o t s  of t h e  high p u r i t y  zirconium 

Y 
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dioxide powders used i n  t h e  prepara t ion  of t he  Zr36 foamed 

z i r con ia  matrix has been campleted, 

Table I. 

f i c a n t l y  less for t h i s  source, as indica ted  by phys ica l  

property tests of fabr ica ted  samples, a t  least for these  two 

lots  which w e r e  acquired t h r e e  months apart. Considerable 

improvement is noted over other sources previously used i n  

which a lo t - to- lo t  va r i a t ion  was extremely troublesome, 

Resul t s  are tabula ted  i n  

It is apparent t h a t  lo t - to- lo t  v a r i a t i o n  is s ign i -  

These experiments w e r e  conducted a t  f ixed  percentage 

compositions of foaming agents, organic s e t t i n g  agents  and 

calcia s t a b i l i z i n g  compounds, Batch sizes w e r e ,  i n  a l l  cases, 

i d e n t i c a l  and processing conditions of mixing equipment, speed 

and t i m e  held constant ,  The one v a r i a t i o n  reported, t h a t  of 

mil l ing  t i m e  i n  a small laboratory alumina b a l l  m i l l ,  allows 

a v a r i a t i o n  i n  dens i ty  and s t rength  a t  t h e  expense of minor 

alumina contamination, Mil l ing in rubber-lined m i l l s  wi th  

z i r con ia  media is considerably less e f f e c t i v e  b u t  circumvents 

t h e  contamination problem for extreme temperature app l i ca t ions  , 

2.2 .2 Composites 

Zirconia  composite specimens, based on a Zr36 matrix,  

have been prepared containing tungsten metal and molybdenum 

d i s i l i c i d e  addi t ions .  S t ruc tures  w e r e  obtained which adequately 
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simulate  t h e  dens i ty  and average pore s i z e  of t h e  unloaded 

foamed ceramic, wi th  densi ty  increases  due only t o  t h e  phases 

added. These materials were f ab r i ca t ed  i n t o  c y l i n d r i c a l  

thermal conduct ivi ty  specimens and measured, as reported i n  

s e c t i o n  2 -3 -2 .  

The extremely high temperature g rad ien t s ,  approaching 4000°F 

per inch wi th in  t h e  composite i n su la t ion ,  causes unusually high 

thermal stresses wi th in  t h e  test sample. These high stresses 

r e s u l t ,  i n  many cases, i n  mechanical f a i l u r e  i n  t h e  form of 

r a d i a l  cracks, usua l ly  i n  the region of t h e  smallest cross 

s e c t i o n a l  area, such as s i g h t  hole  locat ions.  For these  

reasons, ceramic foams of highest  mechanical s t r e n g t h  are re- 

quired.  It may be noted i n  T a b l e  I t h a t  foam Zr36, t he  P.P.G. 

powder w e t  mil led f o r  6 hours, does not  y i e l d  t h e  h ighes t  

s t r eng th  product.  Additional experimental  work i s  the re fo re  

i n  progress t o  develop higher s t r e n g t h  z i r con ia  composites so 

t h a t  t h e  high thermal stresses encountered may be withstood. 

Severa 1 add i t iona 1 methods of incorporat ing r a d i a t i o n  

barrier phases w e r e  invest igated during t h e  r e p o r t  period. 

Tungsten metal w a s  deposited wi th in  a f i r e d  z i r con ia  foam by 

t h e  thermal decomposition of a tungsten ha l ide  gas.  This 

process y i e l d s  a depos i t  somewhat m o r e  heavy i n  t h e  areas 
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nea res t  t o  t h e  po in t  where t h e  h a l i d e  i s  introduced. Tungsten 

m e t a l ,  as confirmed by x-ray d i f f r a c t i o n ,  is however, deposi ted 

continuously throughout t h e  foam s t r u c t u r e  . 
w i l l  be u s e f u l  i n  pos i t ion ing  tungsten coat ings pr imar i ly  i n  

regions where they w i l l  be t h e  m o s t  e f f i c i e n t  thermal r a d i a t i o n  

This  technique 

barriers, e.e., t h e  p o t e n t i a l  hot  f ace  sur faces  of t h e  insula-  

t i o n  system. 

Another technique f o r  t he  in t roduct ion  of tungsten metal 

is by t h e  decomposition of ammonium tungs ta te .  This  can r e a d i l y  

be introduced i n t o  t h e  porous foam by vacuum impregnation of 

a water suspension or solut ion.  Subsequent drying and f i r i n g  

i n  hydrogen reduced it t o  meta l l ic  tungsten.  

conia foam impregnated by t h i s  method showed thorough penetra- 

t i o n  of a l l  pores and a uniformly t h i n  coa t ing  over a l l  pore 

surfaces .  

Samples of z i r -  

A similar test s t a r t i n g  wi th  a w a t e r  suspension of t u n g s t i c  

ac id  showed uneven penetrat ion and concentrat ion of tungsten on 

t h e  outer  surface.  This technique may also be applicable t o  

app l i ca t ions  wherein t h e  tungsten coa t ing  is  desired pr imar i ly  

i n  t h e  hot f ace  region. 

2.3 Phase I11 E x p e r i m e n t a l  Measurements 

2.3.1 Ver i f i ca t ion  of T e s t  D a t a  

I n  order f o r  t h e  experimental measurements accumulated 
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and reported during t h e  course of t h e  program t o  be meaningful 

it i s  not  only advisable  b u t  necessary t o  p e r i o d i c a l l y  measure 

specimens of knawn thermal conduct ivi ty .  Appendixed t o  the  

previous q u a r t e r l y  report is a copy of t h e  t e c h n i c a l  paper 

presented a t  t h e  J u l y ,  1964, I n t e r n a t i o n a l  Thermal Conductivity 

Conference, Teddington, England, which conta ins  comparative data 

f r o m  t h e  NASA-National B e r y l l i a  Corporation's radial  hea t  f law 

apparatus and measurements on s i m i l a r l y  processed dense z i r -  

conia specimens conducted a t  t he  Southern Research I n s t i t u t e .  

A s i d e  f r o m  some scatter inherent i n  t h e  mul t ip le  gauge sec t ion  

procedure,  agreement was good i n  two runs i n  which a r e l a t i v e l y  

new g raph i t e  ha i rp in  hea ter  w a s  used. 

A decrease i n  c ros s sec t iona l  area of the hea ter  w i t h  use 

and age, accompanied by an increase i n  r e s i s t a n c e  and lower 

cu r ren t  and wattage values  a t  given applied vol tages  has been 

previously reported. (2)  

this condi t ion on measurement accuracy, a s t a c k  of Be0 specimens, 

obtained f r o m  ASTM C o m m i t t e e  C25 as part of a round robin  

measurement program, was measured i n  run No.  64 using a hea ter  

which had seen considerable serv ice .  

i n  Figure 1, which includes curves e s t ab l i shed  by the  American 

Lava Corp. and by Melpar, I n c , ,  along w i t h  data po in t s  f r o m  t h e  

I n  order t o  determine the e f f e c t  of 

Resul t ing data are plotted 
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from the  NASA-NBC apparatus,  Agreement is e x c e l l e n t  w i th  t h e  

M e l p a r  , Xnc. r e s u l t s .  Additional measurements are scheduled 

on Southern Research I n s t i t u t e  equipment and t o  higher t e m -  

pe ra tu re s  on t h e  NASA-NBC apparatus using a new g raph i t e  hea ter ,  

2.3 ,2 C o m p o s i t e  Measurements 

Figure 2 is  a plot  of thermal conduct ivi ty  versus  tempera- 

t u r e  f o r  Zr36 type z i r con ia  foams, both p l a i n  wi th  no added 

phases and wi th  2 0  percent  by weight of tungsten m e t a l  and 20 

percent  molybdenum d i s i l i c i d e .  The curve of p l a i n  Zr36 foam 

is a composite from t h r e e  specimens and agrees w e l l  wi th  many 

previous measurements of 2 2 2 8  type foams. The curves of t h e  

samples wi th  t h e  tungsten and molybdenum d i s i l i c i d e  add i t ions  

are t h e  r e s u l t s  of s ing le  specimens, both of which exhib i ted  

mechanical f a i l u r e  a t  high temperatures. High temperature 

r e s u l t s  are therefore  preliminary and must be v a r i f i e d  when 

mechanically s t ronger  composite foam specimens are developed, 

(3) PROGRAM FOR NEXT QUARTER 

Effor t s  w i l l  continue t o  develop foam s t r u c t u r e s  of im-  

proved phys ica l  s t rength .  Specimens w i l l  then be prepared, con- 

t a i n i n g  thermal r a d i a t i o n  barrier phases,  which w i l l  be better 

able t o  withstand t h e  severe thermal stresses caused by t h e  

4000°F thermal g rad ien t s  which they can develop, 
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Specimens of zirconia foam, containing zirconium metal pawder 

w i l l  be prepared and measured i n  efforts  t o  duplicate and sub- 

stantiate the General Electric Co. data recently reported. 

Thermal conductivity data on a l l  samples prepared during 

th i s  quarter w i l l  be obtained and correlated with previous 

data in  preparation for the f i n a l  report. 
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